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520a Wednesday, March 9, 2011In wild-type mice, bath application of cyclopiazonic acid (CPA) and the Ca2þ
chelator BAPTA-AM activated cation channel currents with a single unitary
conductance of about 2 pS in cell-attached patches, which were inhibited by
the PKC inhibitor chelerythrine. In addition, PIP2 and the PKC activator
PDBu evoked the same 2 pS cation channels. Using anti-TRPC antibodies as
blocking agents, these 2 pS cation channels were identified as heteromeric
TRPC1/C5 structures.
In contrast, BAPTA-AM, PIP2 and PDBu did not activate cation channel activ-
ity in TRPC1-/- mice. However, CPA did activate cation channel activity in
cell-attached patches from TRPC-/- mice, but unlike the channels in wild-
type mice these CPA-evoked channel currents had sub-conductance states be-
tween 11-55 pS. Furthermore, activities of CPA-induced 11-55 pS channels
were potentiated by chelerythrine, and inhibited by both PIP2 and PDBu.
Bath application of Ca2þ to the cytosolic surface of quiescent inside-out
patches from TRPC1-/- mice also activated 11-55 pS channels. CPA- and
Ca2þ-activated 11-55 pS channels were identified as being homomeric
TRPC5 structures.
These studies provide strong evidence that PIP2 and PKC have key roles in ac-
tivating TRPC1-containing channels and also indicate that vascular myocytes
from TRPC1-/- mice express homomeric TRPC5 channels which are activated
by Ca2þ-dependent mechanisms.
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Cardiac TRPC3 has been suggested as a crucial upstream component of Ca2þ/
calcineurin/nuclear factor of activated T cells (NFAT) signaling. The linkage
between TRPC-activity and NFAT nuclear translocation may involve either
Ca2þ entry directly through the TRPC pore or promotion of voltage-
dependent Ca2þ entry. Here we show that a point mutation in the TRPC3 selec-
tivity filter (E630Q), which disrupts Ca2þ permeability but preserves monova-
lent permeation, abrogates agonist-induced NFAT translocation in HEK293
cells as well as in murine HL-1 atrial myocytes. The E630Q mutation fully re-
tains the ability to translate activation of phospholipase C-linked stimuli into L-
type (CaV1.2) channel-mediated Ca
2þ entry, which is effectively isolated from
the NFAT pathway. We demonstrate a dichotomy of TRPC-mediated Ca2þ sig-
naling in the heart involving two distinct pathways that are differentially linked
to downstream effectors and gene transcription. Coupling of TRPC3 signaling
to NFAT activation is mainly initiated by Ca2þ permeation through the TRPC3
pore and recruitment of calcineurin into a TRPC3 signaling microdomain.
supported by FWF, P21925-B19.
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TRPM2 is a non-selective cation channel, which is activated by intracellular
ADPR and Ca2þ. ADPR binds to the C-terminal NUDT9-H domain of the chan-
nel, while the binding sites for Ca2þ remain unidentified. In a previous study (J.
Gen. Physiol., 133(2):189-203), we demonstrated that extracellular Ca2þ has no
effect on steady-state channel gating, however, it can slow channel closure in re-
sponse to sudden removal of intracellularCa2þ. Basedon this result, we hypothe-
thized that the Ca2þ binding sites are intracellular, but lie near the channel gate,
so that upon rapid removal of Ca2þ from the cytosolic side Ca2þ influx can keep
the binding sites saturated, thereby delaying channel closure.
In our present work, we investigated this process in more detail. We used two
approaches. First, we attempted to create pore mutants impermeable to Ca2þ.
We made several aminoacid replacements in the presumed selectivity filter,
based on the homologous sequences of twoCa2þ impermeable TRPMchannels -
TRPM4 and TRPM5. Although these mutations affected the Ca2þ permeability
of the channel only slightly, we found that introduction of negative charges in-
creases channel conductance by about 50%, and considerably reduces the run-
down effect observed for wild type channels. Second, we tested whether the
effect of extracellular Ca2þ on channel closure can be competed by raising ex-
tracellular [Naþ]. We indeed found that the ability of 1 mM extracellular Ca2þ
to slow channel closure upon rapid removal of intracellular Ca2þ was largely
abolished by the presence of 1 M extracellular Naþ. These results provide new
insight into the coupling of Ca2þ permeation and gating in TRPM2.2829-Plat
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In humans, high concentrations of CO2, as found in carbonated beverages, evoke
a mixture of sensations that include a stinging or pungent quality. The stinging
sensation is thought to originate with the activation of nociceptors, which inner-
vate the respiratory, nasal, and oral epithelia. The molecular basis for this sensa-
tion is unknown. Here we show that CO2 specifically activates a subpopulation
of trigeminal neurons that express TRPA1, a mustard oil- and cinnamaldehyde-
sensitive channel, and that these responses are dependent on a functional TRPA1
gene. TRPA1 is sufficient to mediate responses to CO2 as TRPA1 channels ex-
pressed in HEK-293 cells, but not TRPV1 channels, were activated by bath-
applied CO2. CO2 can diffuse into cells and produce intracellular acidification,
which could gate TRPA1 channels. Consistent with this mechanism, TRPA1
channels in excised patches were activated in a dose-dependentmanner by intra-
cellular protons.We conclude that TRPA1, by sensing intracellular acidification,
constitutes an important component of the nociceptive response to CO2.
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In contrast to a hailstorm of information about voltage- or ligand-dependent
gating, our knowledge of temperature-driven gating of ion channels is scarce.
Temperature-gated channels, as epitomized by thermally active transient recep-
tor potential (TRP) channels, are necessary for thermal sensation, an ability that
is vital to survival and conform-seeking of all living organism. Residing at
nerve endings underneath skins, these channels figure a role as biological ther-
mometers for perception of ambient temperature. Here we are concerned with
the molecular foundations of thermal sensitivity in heat-sensitive vanilloid re-
ceptors. We show that, when exposed to rapid temperature jumps, these homol-
ogous channels display markedly different activation kinetics and temperature
dependence. We construct chimeric channels at strategic positions to delineate
contributions of distinct molecular regions of the channels. We identified a cy-
toplasmic domain to be essential to temperature gating. Alterations of the re-
gion were able to fundamentally change the kinetics and temperature
dependence of functional wild-types while rescue the heat response of normally
temperature-insensitive isoforms. Other regions of the channels, on the other
hand, exhibit negligible chimeric effects on the large energetics of thermal gat-
ing, suggesting that the gating by temperature in these channels involves local-
ized structural domains for interaction with ambient temperature.
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ThermoTRP channels sense ambient temperature and function as thermosensor,
however, themechanism for sensitive temperature-dependent activation remains
unknown. Recent studies point to the outer pore region as an important gating
structure. Our previous study shows pore turret moves substantially during
temperature-driven activation, which isn’t seen during capsaicin-driven activa-
tion. Present research focuses on contribution of pore turret to heat-induced acti-
vation using a structural perturbation approach. Partial deletions and sequence
replacements are performed with TRPV1 turret. Additionally, the turret is
swampedbetweenTRPV1andTRPV2/TRPV3.Allmutant channels exhibit sim-
ilar capsaicin sensitivity towildtypeTRPV1with a less than10-fold shift inEC50,
which is consistent with the notion that temperature and ligand activate TRPV1
throughdifferent pathways. In contrast, deletion and replacementmutants exhibit
activation at a very different temperature, show rapid inactivation during heating,
or lose temperature response. Interestingly, TRPV1 chimera containing TRPV3
turret V1/3S behaves likewildtype TRPV3 and activates at amuch lower temper-
ature, while TRPV1 chimera containing TRPV2 turret V1/2S activates at a much
higher tempera-
ture likewildtype
TRPV2. These
results reveal
that pore turret
is a portable
domain con-
tributing to tem-
perature sensing.
